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Introduction: Sildenaﬁl may lead an improvement in anastomotic healing of ischemic left colon
anastomosis.
Methods: Thirty-six male Wistar albino rats were randomized into four experimental groups (n¼ 9 in
each group). In group 1, a well-perfused left colonic segment was transected, and free ends were ana-
tomosed. In groups 2, 3 and 4 animals underwent a standardized surgical procedure to induce ischemic
left colon anastomosis. Group 2 animals received only tap water. In groups 3 and 4 animals received
10 mg/kg/body-weight and 20 mg/kg/body-weight sildenaﬁl, single dose a day during 4 days, respec-
tively. Rats were sacriﬁced on day 4 following operation. Anastomotic integrity, intra-peritoneal adhesion
scores, anastomotic bursting pressures and tissue hydroxyproline levels were recorded. Histopatholog-
ical examination of the anastomosis was also performed.
Results: There was no statistically signiﬁcant difference among groups with respect to anastomotic
integrity (p¼ 0.142) but ischemia decreased the anastomotic bursting pressure. The mean bursting
pressure values were 78.8 24.1, 43.3 26, 55.1 32.4, and 43.3 20.4 in groups 1, 2, 3, and 4,
respectively. Group 1 had the highest values whereas; there was no statistically signiﬁcant difference
between groups 1 and 3. There was no statistically signiﬁcant difference among groups 2, 3, and 4 with
respect to tissue hydroxyproline levels, adhesion scores and the Chiu scores. The highest inﬂammatory
cell presence in the granulation tissue was detected in group 2, whereas the lowest was detected in
group 4 (p¼ 0.0001). The highest ﬁbroblast inﬁltration in the granulation tissue was detected in group 1
(p¼ 0.045).
Discussion: Our results showed that 10 mg/kg sildenaﬁl decreased the adverse effects of ischemia on the
healing of ischemic left colon anastomosis. Additional investigations are needed to conﬁrm the effects of
phosphodiesterase-5 inhibitors in ischemic colon anastomosis models.
 2008 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Colon anastomosis due to various reasons is one of the most
widely performed operations in general surgery. Despite vast
improvements in surgical techniques and devices, anastomotic
leakage continues to be a clinical problem. The prevalence of intra-
peritoneal anastomotic leak varies in the literature between 0.5%h Association of Surgeons in
þ903722610155.
.
ciates Ltd. Published by Elsevier Ltand 30%.1,2 The leakage from colonic anastomosis is a major
complication causing increased mortality and morbidity. Many
factors have been advocated as signiﬁcantly impairing anastomotic
healing.2,3 However, most of these factors compromise anastomotic
perfusion and causing ischemia. A poor blood supply may be an
important cause of anastomotic leakage because healing is oxygen
dependent.4 Several studies have shown that adequate tissue
perfusion and increased oxygen tension not only prevent adverse
effects of ischemia but also accelerate healing in different types of
wounds.5
Sildenaﬁl is a selective PDE-5 inhibitor. It is a water-soluble
aromatic compound and is found in several parts of the body.d. All rights reserved.
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cation, it is currently marketed for the treatment of erectile
dysfunction as it enhances vasodilatation by smooth muscle
relaxation in the vessels and improves microcirculatory blood
supply.6–9 Sildenaﬁl also inhibits platelet aggregation, thus avoid-
ing small-vessel obstruction.10–12 Considering its pharmacological
effects as mentioned above, we hypothesized that sildenaﬁl may
lead an improvement in anastomotic healing of ischemic left colon
anastomoses. Therefore, in this study, we examined potential
beneﬁts of sildenaﬁl on the healing of ischemic left colon anasto-
moses in an experimental animal model.
2. Materials and method
2.1. Ethics and animals
The experiments reported herewere conducted according to the
Ethical Committee of Faculty of Medicine, University of Zonguldak
Karaelmas guiding principals for the care and use of laboratory
animals. Thirty-six male Wistar albino rats weighing 250–300 g
were housed under constant temperature (22 C) and humidity
with 12-h dark/light cycles and were fed a standard rat chow and
water ad libitum.
2.2. Experimental design
The animals were randomized and divided into four equal
experimental groups (n¼ 9 in each group) as follows: in group 1,
a well-perfused left colonic segment was transected and free ends
were anastomosed and received tap water. The animals in groups 2,
3, and 4 underwent a standardized surgical procedure to induce
ischemic left colon anastomosis. Group 2 animals received only tap
water. In groups 3 and 4 animals received 10 mg/kg/body-weight
and 20 mg/kg/body-weight sildenaﬁl, single dose a day during 4
days, respectively.
2.3. Administration of sildenaﬁl
Sildenaﬁl (Viagra, Pﬁzer Inc, Ortako¨y, Istanbul/Turkey) tablet
(50 mg) was obtained from commercially available sources and
dissolved with tap water to obtain homogenous drug solution. The
ﬁrst drug solution was administered within 2 h after the surgical
procedure. The drug was administered to the animals by using an
orogastric tube.
2.4. Anesthesia
Anesthesia was introduced by injecting ketamine HCl (Ketalar,
Parke–Davis, Eczacıbas¸ı, Istanbul/Turkey) at 50 mg/kg intramus-
cular. and laparotomy was performed under sterile conditions.
2.5. Surgical procedure
In group 1, the vascular structures were preserved. After the left
colon was transected horizontally 4 cm proximal to the peritoneal
reﬂection (the last part of the large intestine in the peritoneal
cavity), an end-to-end anastomosis was performed with inter-
rupted 6/0 polypropylene sutures. In groups 2, 3 and 4, the animals
underwent devascularization of a 4-cm segment of descending
colon.13,14 This method consist of ligation of the marginal artery at
two points and all of the vasa recti in between. We used a bipolar
couther (Force FX, Valleylab Inc., USA) for devascularization instead
of ligation. The ischemic segment was cut horizontally from
midpoint, and then bowel continuity was reestablished by the
same technique described in group 1. This procedure allows the
anastomosis to become relatively ischemic with avoiding completenecrosis of the colonic tissue. The midline incision was closed in
two layers by 4/0 silk suture (Ethicon, Edinburgh, UK).
2.6. Measurement of bursting pressure
All animals were killed 96 h after surgery. The anterior
abdominal wall was everted like an inferiorly based U-shaped ﬂap,
and the peritoneal cavity was opened. The peritoneal cavity and site
of anastomosis were observed macroscopically for complications
such as anastomotic leakage and adhesion scoring was done.
Bursting pressure (BP) was measured in situ without detaching
adhesions. At least 1 cm colonic segments apart from the anasto-
mose were prepared. After careful removal of feces, the proximal
bowel segment was connected to a digital infusion pump and distal
bowel segment was ligated. The anastomotic segment was insuf-
ﬂated to burst with saline. Bursting pressure was recorded as the
highest ﬁgure reached before evident saline leakage or sudden loss
of pressure.4,14
2.7. Measurement of hydroxyproline level
After bursting pressure had been measured, the bowel wall
that contained the line of anastomoses was excised with 1 cm in
length to determine the level of hydroxyproline (HP). After
weighting, tissue samples were frozen, lyohipolized and pulver-
ized. Twenty-ﬁve microliters samples taken from hydrolyzation
were lyohiplized and soluted in the 1 ml of 50% (v/v) isopropyl
alcohol. Chloramine-T was added to these samples 10 min later.
Then they were incubated for 90 min at 50 C after adding 1 ml
Erlich’s reagent. A color change after the reaction was evaluated
under 560 nm wave-length spectrophotometer. Under the same
conditions, hydroxyproline standards with 0.2, 0.4, 0.6, 0.8, 1.2,
and 1.6 mg were also studied. Sample concentrations were calcu-
lated by the help of standard curve. Results were calculated as mg/
mg tissue.15
2.8. Histopathological analysis
Histopathological changes of granulation tissue development,
local inﬂammatory response, and anastomotic wound healing were
determined according toparameters asmodiﬁedbyGarcia et al.16–19
(Table 1). Scorings for determining the severity of ischemia were
performed according to the method described by Chiu et al.20
Perianastomotic colonic segments were sampled for examination
by an expert pathologist blinded to rat groups. The colonic tissue
samples were ﬁxed in 10% formalin immediately after removal,
embedded in parafﬁn, sectioned at 5 mm intervals and stained with
hematoxylin and eosin. The specimens examined under the light
microscope.
2.9. Adhesion scores
The degree of adhesion observed in each subject was recorded
in a blinded fashion. Adhesions were graded on a scale from 0 to 4
as described by Nair et al.21
2.10. Statistical analysis
All analyses were performed with the Statistical Package for
Social Sciences version 11.0 (SPSS, Chicago, IL). The bursting pres-
sure and tissue hydroxyproline levels among groups were
compared using one-way analysis of variance (ANOVA) and post-
hoc analysis with Tukey’s test. Data are expressed as the mean-
s standard deviation. The Chi-squared test was used for the
analysis of qualitative parameters. Statistical signiﬁcance was set at
p< 0.05.
Table 1
Histopathological changes of anastomotic wound healing.16–19
Mucosal anastomotic reepithelialization
Grade 0 Absence of epithelialization on anastomotic line
Grade 1 Incomplete coating of the anastomotic wound with a single layer of cells
Grade 2 Complete coating of the anastomotic wound with a single layer of cells
Grade 3 Complete reepithelization with glandular epithelium
Inﬂammatory
granuloma
and granulation
tissue
formation
Inﬂammatory
cell presence
Neovascularization Fibroblasts Fibrosis
formation
Grade 1 Absence Absence Absence Absence
Grade 2 Slight Slight Slight Slight
Grade 3 Mild Mild Mild Mild
Grade 4 Intense Intense Intense Intense
Muscle layer
destruction
Ischemic
necrosis
Muscle layer
continuity
Inﬂammatory
inﬁltration
Grade 1 Absence Complete
interruption
Absence
Grade 2 Slight Muscle synechia Slight
Grade 3 Mild Complete restitution Mild
Grade 4 – – Intense
Anastomotic wound
inﬂammatory inﬁltration
Neutrophils Lymphocytes Histiocytes Giant cells
Grade 1 Absence Absence Absence Absence
Grade 2 Slight Slight Slight Slight
Grade 3 Mild Mild Mild Mild
Grade 4 Intense Intense Intense Intense
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There was no death during anesthesia and surgical procedure in
groups.3.1. Anastomotic integrity
Colonic wound dehiscencewas not observed in any group. There
was no statistically signiﬁcant difference among groups with
respect to anastomotic integrity (p¼ 0.142).Table 3
Adhesion grades in groups according to Nair et al.213.2. Anastomotic bursting pressures
In all groups, burst occurred in the anastomotic lines. The mean
bursting pressure values were 78.8 24.1, 43.3 26, 55.132.4,
and 43.3 20.4 in groups 1, 2, 3, and 4, respectively. Group 1 had
the highest values, and the differences were statistically signiﬁcant
vs each of the groups 2 and 4 (group 1 vs 2, p¼ 0.034 and group 1 vs
4, p¼ 0.034). There were no statistically signiﬁcant differences
between groups 1 and 3 (group 1 vs 3, p¼ 0.237). Mean bursting
pressures are shown in Table 2.Table 2
Anastomotic busting pressure values in groups.
Anastomotic Busting Pressure (mmHg)
Group 1 78.8 24.1
Group 2 43.3 26.0
Group 3 55.1 32.4
Group 4 43.3 20.4
Comparison with respect to anastomotic bursting pressure; group 1 vs 2, p¼ 0.034,
group 1 vs 3, p¼ 0.237, and group 1 vs 4, p¼ 0.034. Group 2 vs 3, p¼ 0.0775, group 2
vs 4, p¼ 1.00, and group 3 vs 4, p> 0.0775.3.3. Hydroxyproline level
The tissue hydroxyproline levels were 0.282 0.06,
0.323 0.03, 0.373 0.26, and 0.343 0.03 in groups 1, 2, 3 and 4,
respectively. On the comparison of the hydroxyproline values of the
groups 3 and 4 to those of group 2, results of group 2 did not show
a statistically signiﬁcant difference (group 2 vs 3, p¼ 0.087, group 2
vs 4, p¼ 0.758), also there were no statistically signiﬁcant differ-
ences among groups 3 and 4 (p¼ 0.467).3.4. Adhesion scores
Adhesion formation of colonic anastomosis is presented in
Table 3. All rats of the ischemia groups (groups 2, 3 and 4) had
grades 2 and 3 adhesions, although in group 1, there were four
rats (44.4%) with grade 1 adhesions. Group 1 had signiﬁcantly
lower intra-abdominal adhesion scores than groups 2, 3 and 4
(p¼ 0.005).3.5. Histopathologic analysis
3.5.1. Chiu scores
The results of mucosal ischemia grading following the Chiu scale
are listed in Table 4. Although there was no statistically signiﬁcant
difference among groups with respect to the Chiu scores
(p¼ 0.074), in group 1 there were four rats (44.4%) with grade 1
scores and ﬁve (55.6%) rats with grade 2 scores whereas all rats in
group 2 (100%) had grade 2 scores.
3.5.2. Changes of anastomotic wound healing
3.5.2.1. Mucosal anastomotic reepithelization. Anastomotic healing
examination according to the modiﬁed Houdart and Hut-
schenreiter scale revealed no differences in mucosal anastomotic
reepithelization among the four groups (p¼ 0.393).
3.5.2.2. Inﬂammatory granuloma and granulation tissue for-
mation. In group 1, there were ﬁve (55.6%) rats with grade 4, three
(33.3%) rats with grade 2, and one (11.1%) rat with grade 1
inﬂammatory cell presence in the granulation tissue. The same
ratios were observed in group 3. The highest inﬂammatory cell
presence in the granulation tissuewas detected in group 2, whereas
the lowest was detected in group 4 (p¼ 0.0001).
Most of the rats in ischemia groups (groups 2, 3 and 4) had
grades 1 and 2 ﬁbroblast inﬁltration in the granulation tissue,
whereas most of the rats in group 1 had grades 2 and 3 ﬁbroblast
inﬁltration. In other words, higher ﬁbroblast inﬁltration in the
granulation tissue was detected in group 1 (p¼ 0.045). Neo-
vascularization and ﬁbrosis formation in the granulation tissue
were also similar in groups 1, 2, 3 and 4 (p> 0.05).Group 1, n (%) Group 2, n (%) Group 3, n (%) Group 4, n (%)
Grade 0 0 (0) 0 (0) 0 (0) 0 (0)
Grade 1 4 (44.4) 0 (0) 0 (0) 1 (11.1)
Grade 2 4 (44.4) 5 (55.6) 6 (66.7) 1 (11.1)
Grade 3 1 (11.1) 4 (44.4) 3 (33.3) 7 (77.8)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0)
Adhesions were graded on a scale from 0 to 4 as described by Nair et al.21 as follows:
0, no adhesions; 1, one adhesion band between the organs or one organ and peri-
toneum; 2, two adhesion bands among the organs or one organ and peritoneum; 3,
more than two adhesion bands among the organs or a mass of adhesion formed by
intestines not adhered to peritoneum; and 4, organs are adhered to peritoneum or
massive adhesions.
Comparison of group 1 with groups 2, 3, and 4 is signiﬁcant, the Chi-squared test,
and the Likelihood ratio (p¼ 0.005).
Table 4
Ischemia according to Chiu et al. in groups.20
Group 1, n (%) Group 2, n (%) Group 3, n (%) Group 4, n (%)
Grade 0 4 (44.4) 0 (0) 1 (11.1) 0 (0)
Grade 1 5 (55.6) 9 (100) 7 (77.8) 8 (88.9)
Grade 2 0 (0) 0 (0) 1 (11.1) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0)
Grade 5 0 (0) 0 (0) 0 (0) 1 (11.1)
Scoring for determining the severity of ischemia was performed according to the
method described by Chiu et al.20; grade 0¼ normal mucosal villi; grade
1¼ subepithelial Gruenhagen’s space; capillary congestion; grade 2¼moderate
lifting of epithelial layer from lamina propria; grade 3¼massive epithelial lifting
down slides of villi; few tip denuded; grade 4¼ denuded villi with lamina propria
and dilated capillaries exposed; and grade 5¼ digestion and disintegration of lamina
propria; hemorrhage and ulceration.
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muscle layer was also higher in groups 1 and 2 when compared
with groups 3 and 4 (p¼ 0.001). Ischemic necrosis in muscle layer
was similar in groups 2, 3, and 4. The lowest ischemic necrosis ratio
was detected in group 1 (p¼ 0.038). All of the other parameters at
histopathological examination were similar in groups 1, 2, 3, and 4
(p> 0.05).
4. Discussion
Anastomotic disruption is a serious problem in colorectal
surgery and causes increased mortality and morbidity.5 Several
factors contribute to anastomotic failure and they are mostly
related to ischemia.2,4,5 Adequate tissue oxygenation probably is
the most important factor in anastomose healing. Tissue oxygen-
ation is provided by blood volume, tissue perfusion and intra-
arterial oxygen saturation.5,6,19,22 We hypothesized that if ischemia
is responsible for some of the anastomotic leaks, sildenaﬁl could
improve anastomotic healing.
PDE inhibitors are not new to clinical practice. Nonspeciﬁc PDE
inhibitors, such as theophylline and paverine, cause smoothmuscle
relaxation by increasing levels of both cAMP and cGMP and clini-
cally in use for various diseases.7,8,19,23 Sildenaﬁl is a water-soluble
aromatic compound and is found in several parts of the body such
as lungs, platelets, various forms of smooth muscle and several
brain regions.10 Its main pharmacological action is through the
selectively inhibition of PDE-5. Thus, sildenaﬁl prevents the
breakdown of nitric oxide (NO)-driven cGMP, primarily in vascular
smooth muscle cells and causes vasodilatation. Additionally, this
drug enhances microcirculatory blood supply and helps hemor-
heology by decreasing platelet aggregation and adhesion that
avoids small-vessel obstruction.10–12 Sildenaﬁl is predominantly
used in the treatment of erectile dysfunction but also provides
a prolonged beneﬁt in various other diseases such as in the
management of pulmonary hypertension.10 There is ongoing
research on the effects of sildenaﬁl in neurogenesis,24 chronic
neuropathic pain,25 ischemic colitis,26 and Alzheimer’s disease.27,10
The Chiu score has been shown to be reliable indicator of
ischemic damage. In our study, the Chiu scores and anastomotic
bursting pressure values of the ischemic anastomosis group (group
2) were lower than the nonischemic anastomosis group (group 1).
These results support the accuracy of the experimental model and
revealed that ischemia occurred in groups 2, 3, and 4.
Hydroxyproline is present only in collagen and elastine in
animals. Thus, it is a good marker in anastomotic healing.3 Tissue
hydroxyproline levels in groups 3 and 4 (0.373 0.26 and
0.343 0.03, respectively) were higher than in group 2
(0.323 0.03). However, these ﬁndings did not reach a statistical
signiﬁcance (p> 0.05).Assessment of the anastomotic healing mainly depends on
mechanical parameters, such as bursting pressure. The results
revealed that devascularization of 4 cm of the vascular arcade at
each anastomotic end decreased anastomotic bursting pressure in
group 2 when compared with group 1. In this study, the highest
anastomotic bursting pressure level is observed in group 1 and the
lowest level is observed in group 2 (78.8 24.1 vs 43.3 26).
Additionally no statistically signiﬁcant difference among groups 1
and 3 with respect to bursting pressure was observed (p> 0.05). In
other words, bursting pressure levels in groups 1 and 3 demon-
strated that 10 mg/kg/body-weight sildenaﬁl improved the healing
of experimental ischemic left colon anastomosis. On the other
hand, higher doses of sildenaﬁl (20 mg/kg/body-weight) did not
improve the anastomotic bursting pressures in ischemic colon
anastomosis. In the literature, the reported dose of sildenaﬁl to be
administered varies from 3 to 20 mg/kg/day in animal
models.11,12,26,28 A dose of 10 mg/kg sildenaﬁl achieves possible
systemic protective effects in rats. Higher doses such as 20 mg/kg
and over may have greater vasodilator effects but they may also
have side effects such as hypotension, diminished tissue perfusion
and excessive anti-inﬂammatory response, whereas doses lower
than 10 mg/kg are less or not effective at all.11,12,28 Wound healing
in the digestive system involves related processes such as homeo-
stasis and inﬂammation, proliferation–ﬁbroplasia, maturation, and
remodeling. Delay or problem in any of these stages results with
a delay or failure in healing.22 This study revealed that sildenaﬁl
may have a dose depended anti-inﬂammatory effect. On histo-
pathological examination, the lowest inﬂammatory cell presence
and ﬁbroblast inﬁltration in the granulation tissue were detected in
group 4 which may represents the causes of failure in higher doses
of sildenaﬁl on the healing of colonic anastomosis. These ﬁndings
are in accordance with studies conducted by Santos et al.29 They
reported that sildenaﬁl treatment decreased leukocyte adherence
in postcapillary mesentery venules, as well as reducing granulocyte
inﬁltration into gastric tissue in dose depended manner. Recently,
in a guinea-pig model of inﬂammatory airway disease, Toward
et al.30 showed that higher doses of sildenaﬁl decreased leukocyte
efﬂux in bronchoalveolar lavage ﬂuid. On the other hand, our
ﬁndings support the view that the administration of 10 mg/kg sil-
denaﬁl leads to an improvement in the healing of ischemic colon
anastomosis. This result may be attributed to NOs well-known
positive effects on the vascular smooth muscle and on the micro-
circulatory homodynamic related to platelet functions. Some
authors have observed similar effects of sildenaﬁl in other tissues,
such as the human corpus cavernosum31 and brachial artery.9
In the present study, we choose postoperative day 4 as the day
to sacriﬁce the rats based on reports in the literature: several
authors have reported that bursting pressures remain low in the
ﬁrst 3 or 4 days and are suitable for measuring. Thereafter, they
increase so quickly that anastomoses do not burst, and rupture
takes place outside the anastomoses.4 Additionally, the ischemic
lesions in rats killed on days 1 and 4 could be macroscopically and
microscopically detectable whereas in rats killed on days 7, 14, and
28 ischemic lesions disappeared.32
Adhesions are encountered after many intra-peritoneal
surgical procedures. Tissue ischemia is believed to be the most
important etiological factor in the adhesion formation because
vascular bridges are formed between the ischemic and adjacent
nonischemic healthy organs. Batukan et al.28 reported that
sildenaﬁl diminishes peritoneal adhesion formation in rat. In our
study, adhesion scores were found to be all raised in group 2,
whereas sildenaﬁl administration decreased the adhesion scores
in group 3. However, these ﬁndings did not reach at statistical
signiﬁcance.
Our study showed that 10 mg/kg sildenaﬁl decreased the
adverse effects of ischemia on the healing of ischemic left colon
O. Irkorucu et al. / International Journal of Surgery 7 (2009) 39–43 43anastomosis. Additional investigations using selective PDE inhibi-
tors in several time points along the healing process are needed to
conﬁrm the application time and administration dosage of this
drug in ischemic colon anastomosis models.Conﬂict of interest
None declared.
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